Introduction: How to handle blood pressure in very elderly patients (> 80 years) is still debatable. Many are frail, dependent, and susceptible to drug interactions, and have not been included in blood pressure trials. Thus, how blood pressure levels in these patients predict future events remains unclear.
Introduction
Hypertension has a very high prevalence in the world and its prevalence increases with age and many people are undiagnosed and undertreated, particularly in the elderly. The prevalence of hypertension is >60% in people aged >60 years with an overall prevalence in adults of between 30-45% [1] . Hypertension is also a well-known risk factor for cardiovascular disease in its own right and often coinciding with other risk factors like diabetes mellitus, hyperlipidemia, smoking and obesity, leads to higher risk of ischemic cardiovascular and cerebrovascular insults such as heart attack and stroke [2] . As a result of vascular damage [3] and insults, hypertension ultimately leads to endorgan failure like heart failure, kidney failure and cognitive dysfunction and finally to higher mortality [4] . It is beyond a doubt that preventing hypertension or treating established hypertension decreases cardiovascular disease and mortality. Meta-analyses of randomized controlled trials including a large number of patients have revealed that a 10 mmHg reduction in systolic blood pressure or a 5 mmHg reduction in diastolic blood pressure is associated with significant reductions in cardiovascular events [5] . Lifestyle interventions and antihypertensive drugs work together to improve the prognosis in these patients [6] .
However, even though it is well established that hypertension increases risk and that treatment of hypertension is beneficial in young, middle-aged and elderly patients, it is still debatable how to handle the very elderly (> 80 years) with hypertension. Firstly, there is a worry that blood pressure lowering interventions may impair mechanisms in the very elderly that preserves blood pressure homeostasis and vital organ perfusion. Secondly, on the other hand large trials in the elderly and very elderly, The Sprint [7] and The Hyvet trials [8] , have shown that antihypertensive treatment markedly reduces cardiovascular morbidity and mortality even in these age groups and a recent meta-analysis and systematic review have suggested that "treating to systolic blood pressure of 120 -140 mm Hg versus higher targets benefited older patients more than younger patients without an age-related increase in relative risk for adverse effects [9] ". Thirdly, the fact is that most randomized controlled trials in general have not included very frail or dependent patients, or patients with orthostatic hypotension. It is therefore unclear whether such patients would profit from blood pressure lowering treatment having comorbidities of their own and having a life expectancy that could be different from less frail patients. Fourthly, the elderly also commonly take other drugs, which may interact with antihypertensive medication. Adverse effects can possibly be more numerous outside the context of randomized controlled trials since the fervent supervision in these trials may reduce adverse effects and motivate compliance [10] .
Several observational studies have shown that higher blood pressure values in the very elderly can be protective and that too low blood pressure values may be hazardous [11] [12] [13] [14] [15] . Therefore, there is an inconsistency between the results of observational studies and randomized clinical trials which needs to be clarified further. In short, randomized clinical trials have the greater scientific evidence, but of necessity there is a reservation in that they have not been representative of a population of the very old. On the other hand, observational studies have a lower grade of evidence and cannot stand alone to prove cause and effect, but could possibly have included a more representative population.
One group of very elderly patients is the one that visits the emergency department for various symptoms. These patients are frail in the sense that they have several comorbidities, many medications, high prevalence of postural hypotension and they most likely have aggravating symptoms from their underlying conditions and conceivably new cardiovascular insults. There is ample evidence from cohort studies that low systolic blood pressure on admission to the hospital predicts in-hospital mortality and future mortality [16] . This is particularly true for certain selected patient populations like middle-aged to elderly patients with acute coronary syndrome and heart failure [17] [18] [19] [20] [21] [22] [23] . Although there is data that associate low systolic blood pressure on admission to future events in the middle-aged to elderly, there is still limited data in the very elderly (> 80 years) in this regard [24] [25] . Also, heart failure is prevalent in the very elderly and deterioration in signs and symptoms of heart failure is a common cause of admission to the hospital.
Increasing age in heart failure patients is associated with increased mortality in these patients [26] . We set out to determine if there would be a difference in mortality between those very elderly patients that presented at the emergency department and admitted to the hospital with high blood pressure compared to those whom presented with normal blood pressure. In other words, is the level of blood pressure in these frail patients a predictor of future mortality? Moreover, notably we wanted to explore possible mechanistic explanations for such an association.
Methods
Very elderly patients presenting at the emergency department of Lund University Hospital for various symptoms and subsequently admitted into the hospital for care were included in the study. There were no inclusion or exclusion criteria so the mix of patients in our study represented the general elderly population in the very southern part of Sweden that needed acute medical attention at the time of admission to the hospital. With the intent of studying orthostatic hypotension in the very elderly, a cohort of 339 patients with complete results of orthostatic blood pressure tests were gathered from 2014 to 2018. Two hundred and ten of these patients obtained from 2014 until May 2017 have been evaluated in this regard and the results have been published elsewhere [27] . For the purposes of our present study we used the whole cohort of 339 patients. The main reason for this was the very high mean age in this cohort which consequently made it possible for us to evaluate our thesis.
We divided the cohort into two groups: 144 patients that had a blood pressure ≥ 140/90 mm Hg (HBP-group) and 195 patients that had a blood pressure < 140/90 mm Hg (NBP-group). Furthermore, we also did a subgroup analysis on a total of 178 patients. The rationale for doing this was to be able to evaluate the association of heart failure with blood pressure in the very elderly. The number of heart failure patients in the original cohort of 339 patients was a little low in absolute numbers (n = 80) and an additional number of patients seemed logical in order to increase the power to make a meaningful evaluation. Accordingly, in the subgroup analysis we excluded those 259 of the 339 patients from the original cohort that did not have heart failure and merge the remaining 80 heart failure patients from this original cohort with an additional 98 patients from another cohort (described below) representing only patients with heart failure. This gave two subgroups with only heart failure patients totaling 69 with high blood pressure (HBP HF -group) and 109 without high blood pressure (NBP HF -group). The 98 additional patients with heart failure represented a cohort of patients gathered during the period 2013 -2015. They had been admitted to the internal medicine ward at Lund University Hospital. The criteria for inclusion was: 1) They had been given the primary diagnosis of heart failure; 2)
The NT-proBNP tests had been taken at least twice during the hospital stay and that at least one of these tests recorded a value of above 4000 ng/L; 3) Creatinine had to be taken at least once during the hospital stay. Previous smaller studies on the subject that were able to detect a difference in outcome included 581 patients [20] , 368 patients [21] , and 71 patients [28] . The first two of these categorized blood pressures levels into several parts, 4
quartiles [20] and 5 quintiles [21] respectively, thus needing a larger number of patients. The last of these studies categorized blood pressure into only two categories needing fewer patients to detect a difference [28] . We decided to examine only two blood pressure categories.
For the patients in this study, there were a variety of presenting symptoms and diagnoses at both hospital admittance and discharge. Thus, we decided to only report data for those symptoms and diagnoses where the number of cases was sufficient to make meaningful comparisons. The main complaints at admission, i.e. the patients' most frequently recurring symptoms were noted. We did not attempt to describe the included patients' previous diseases since the study was open to any elderly patient, making it rational to decide that the included study population would be a reasonable representation of the general Swedish population in their eighties coming to the hospital for medical attention. We attained relevant information about the patients from their medical records. We obtained basic demographic information about age, gender, pulse, blood pressure, oxygen saturation, symptoms and laboratory data at admission.
We recorded types of drugs and diagnoses at discharge, number of drugs at admission and discharge, and number of deaths within 6 months. Six month all-cause mortality was confirmed by reviewing the patients' medical records and confirming which patients were alive and which were not 6 month after discharge from the hospital, also checking with the Swedish National Death Registry when needed.
Total cardiovascular disease was defined as a combined endpoint of the following diagnoses at discharge: heart failure, This study was approved by the Regional Ethical Review Board in Lund, Sweden, D.no 2016/819. The study conformed to the principles outlined in the Declaration of Helsinki.
Statistics
Calculations for comparison between the two groups were done using the 
Results
Overall demographics, laboratory data, medications used, inter alia, are given in Table 1 . There was no difference in basic parameters such as age, gender, BMI, pulse, and saturation levels between the HBP-and the NBP-groups. The difference in blood pressure between the two groups was marked (in SBP 36 mmHg and in DBP 13 mmHg; p<0.01).
There was somewhat more use of diuretics in the NBP-group and somewhat more use of anti-hypertensives in the HBP-group. After 6 months 20 patients were dead in the HBP-group compared to 54 patients in the NBP-group (p < 0.01) ( Figure 1 ).The HBP-group had significantly less heart failure patients (p < 0.01), less patients with cancer (p < 0.05), fewer medications (p < 0.01), lower NT-proBNP-(p < 0.05) and CRP-values (p < 0.05) and higher Hb (p < 0.05) and Na + values (p < 0.01) than the NBP-group at baseline. CRP (C-reactive protein (mg/L)); Glucose (mmol/L); NT-proBNP (ng/L); TNT (Troponin T (ng/L));
Demographics
Creatinine (µmol/L); Sodium (mmol/L); Potassium (mmol/L); Hemoglobin (g/L); e-GFR (mL/min/1.73 m 2 ); SEM (Standard Error of the Mean); Antihypertensives -mainly Ca 2+ channel blockers; Total cardiovascular, lung, infecious -see Methods section. CRP (C-reactive protein (mg/L)); Glucose (mmol/L); NT-proBNP (ng/L); TNT (Troponin T (ng/L)); Creatinine (µmol/L); Sodium (mmol/L); Potassium (mmol/L); Hemoglobin (g/L); e-GFR (mL/min/1.73 m 2 ); SEM (Standard Error of the Mean); Antihypertensives -mainly Ca 2+ channel blockers. Normal Blood Pressure (NBP HF -group) groups are given in Table 2 . We made a subgroup analysis in heart failure patients and observed that in this, 6 patients were dead in the HBP HFgroup and 26 patients were dead in the NBP HF -group after 6 months (p = 0.01) ( Figure 2 ). As noted in Table 2 there were only minor differences in demographics, laboratory data and drug use. There were more hypertensive drugs (although the absolute number of drugs were few) and more heart failure patients with dyspnea in the HBP HF -group compared with the NBP HF -group in the subgroup analysis. We also performed correlative analysis of the data and this gave the following results: 1) NT-proBNP and eGFR correlated negatively in both the NBP HF -group and the HBP HF -group, Figure with diastolic blood pressure in the HBP HF -group but not in the NBP HF -group.
Figure 5:
Hemoglobin, diastolic blood pressure and mortality in the very elderly with heart failure. Hemoglobin correlated positively with diastolic blood pressure in the HBP HF -group but not in the NBP HF -group.
Discussion
The main findings in this real-life study of elderly frail patients revealed that very elderly patients that presented with high blood pressure when enrolling into the hospital had a significantly lower 6-month mortality than very elderly with normal blood pressure. This result may appear contradictory to trials in healthy elderly. However, our study clearly shows that the very elderly with high blood pressure were less sick at baseline than their counterpart with normal blood pressure and thus had better chances of survival. After 6 months 20 patients were dead in the HBP-group compared to 54 patients in the NBP-group (p < 0.01). The HBP-group had significantly less heart failure patients (p < 0.01), less patients with cancer (p = 0.04), fewer medications (p < 0.01), lower NT-proBNP-(p = 0.04) and CRP-values (p = 0.03), and higher Hemoglobin (p = 0.02) and Na + values (p < 0.01) than the NBP-group at baseline. The result suggested that there were an overrepresentation of patients with heart failure in the NBP-group and it is well known that heart failure patients have a poor prognosis with high mortality [29] . When studying the same blood pressure categories in a cohort of very elderly patients that had heart failure as a common diagnosis, there were no major differences at baseline between the groups. Also, correlative studies revealed similar correlations between NT-proBNP and eGFR in both the NBP HF -group and the HBP HF -group, suggesting that the findings in the subgroup analysis was not caused by renal failure. Yet, even though the difference in sickness at baseline between the groups essentially disappeared in the subgroup analysis, the HBP HF -group still had lower mortality. Six patients were dead in the HBP HFgroup and 26 patients were dead in the NBP HF -group after 6 months (p = 0.01). Lastly, and most importantly, this is to the best of our knowledge the first study to investigate possible mechanisms explaining why heart failure patients with high admission blood pressure had lower mortality. Previous studies have discussed hypothetical reasons for the association rather than investigating the matter further [17] [18] [19] [20] [21] [22] [23] [24] [25] 28] . Since our study, in opposition to previous studies, included diastolic as well as systolic blood pressure, correlative analyses of the data showed that the diastolic blood pressure, rather than the systolic blood pressure, could give valuable pathophysiological insight. The reason given for only studying the systolic blood pressure was that systolic blood pressure increases with age while diastolic blood pressure does not and thus the prognostic significance of systolic blood pressure would differ with increasing age [24] .
The primary question we asked was whether high blood pressure (at reasonable levels) in this context could be seen as a protective factor and, at the same time, normal or low blood pressure could be seen as a risk factor in the very elderly? A commonly accepted mechanism is that too low blood pressure levels in the very elderly may alter blood pressure homeostasis and vital organ perfusion. This may lead to acute or chronic ischemic damage that ultimately result in an insult like a heart attack or stroke that in turn ensuing to immediate death or organ failure like heart failure, renal failure or cerebral dysfunction resulting ultimately in greater mortality. But at what level is blood pressure too low in the very elderly? Obviously the blood pressure is too low if at a certain level it is the cause of ischemia or symptoms like dizziness, fainting, tiredness, heart palpitations etc. Kajimoto et al [24] proposed that "the ability of elderly patients to maintain systolic blood pressure in the acute phase of AHFS (acute heart failure syndrome) may reflect a cardiovascular reserve that is mediated by a stronger vasoconstrictor response rather than a larger contractile reserve." They also suggested that based on "previous reports and their own findings, it seems possible that an elevated baseline systolic blood pressure may have a protective effect in elderly patients rather than younger patients, since it reflects an adequate response to acute stress and prevents the development of non-cardiac comorbidities."
A classic example of too low blood pressure is in orthostatic hypotension where the patient upon standing from the supine position becomes symptomatic because of a sudden lowering of blood pressure. The prevalence of orthostatic hypotension is very high in the very elderly. For example, Weiss et al found that in patients with a mean age of 81.6 years admitted to an acute geriatric ward 34.8% had persistent orthostatic hypotension [30] . Persistent orthostatic hypotension was defined as having an orthostatic reaction to two orthostatic tests in one day. Szyndler et al invited 209
patients with the mean age of 84 years from one primary care clinic. In their study the prevalence of orthostatic hypotension was 38.3% [31] . We had a prevalence of orthostatic hypotension of 44.2% in our study population.
Importantly, in our population there was no significant difference between the number of orthostatic patients in the very elderly with high blood pressure and the group with normal blood pressure (70/144 vs. 80/195, p = 0.17).
Orthostatic hypotension has been associated with increased mortality, whereas in the elderly the results are not consistent [32] .
The two study populations differed quite a bit in blood pressure at baseline. In the high blood pressure group, HBP HFgroup, the resting blood pressure was 155/85 mm Hg and 119/71 mm Hg in the normal blood pressure group, NBP HFgroup. Since the absolute medium values in the two groups respectively were quite far from the standard cut-off definition of hypertension of < 140/90 mm Hg, we might speculate that in the HBP HF -group and the NBP HF -group there would be a few patients with extreme high blood pressure values or extreme low blood pressure values that possibly were sicker than the rest. Were there possibly more or less of these outliers in the NBP HF -group or in the HBP HF -group contributing to the mortality? This was unlikely since when comparing the group of outliers (patients with Grade III systolic blood pressure, ≥ 180 mm Hg, plus patients with low blood pressure defined as systolic blood pressure < 110 mm Hg) with the rest of the patients (a group with a systolic blood pressure of ≥ 110 mm Hg but < 180 mm Hg), there was no significant statistical difference in mortality (7 deaths/40 outliers; 25 deaths/138 non-outliers, p = 0.93).
Moreover, the medium resting pulse was quite the same in the two groups, 81 beats/minute in the HBP-group (83 HBP HF -group) and 82 beats/minute in the NBP-group (83, NBP HF -group), p = 0.62 (p = 0.96). We might speculate that the values of the resting pulse in the NBP-group would have been significantly higher than in the HBP-group since a low blood pressure state would increase heart rate in a compensatory manner in order to increase cardiac output.
Sympathetic outflow to the heart and blood vessels increase and cardiac vagal nerve activity decreases which in turn leads to increased vascular tone, heart rate and cardiac contractility which stabilizes the blood pressure.
Moreno-González et al [33] recently showed that in an elderly population firstly hospitalized due to acute heart failure, the simple combined admission measurement of systolic blood pressure and heart rate predicted higher risk for 1-year all-cause mortality. One-year mortality ranged from 16.5% for patients in the low-risk group (heart rate < 70 bpm and systolic blood pressure ≥ 140 mmHg, n=92) to 50% for those in the high-risk group (heart rate ≥ 70 bpm and systolic blood pressure < 120 mmHg, n=152). This study is especially relevant to our study since the mean age was 83 years, the same mean age as in our study, and the cohorts were of about the same size. One important difference was that in the Spanish study, the patients were included in the study based on their first acute heart failure admission, while in our study we did not exclude patients with previous known heart failure admissions. We might speculate that heart failure patients in our study had suffered from their disease for a longer period of time and that the compensatory mechanisms, like increased heart rate, were disabled. However, it is clear that the autonomic nervous system was at least partly functional in both groups in our study since they both displayed adequate increases in heart rate upon standing from a supine position (data not published). Also, there was no significant difference between the groups when it came to medication that can decrease heart rate like beta-blocker usage, 67/144 (HBP-group) vs. 107/195 (NBP-group), p = 0.13.
Moreover, pulse correlated positively with diastolic blood pressure in the HBP HF -group but not in the NBP HF -group that were alive after 6 months. On the other hand, rather pulse was negatively correlated with diastolic blood pressure among those in the NBP HF -group that died after 6 months, even though this correlation was not significant. One could propose that heart failure patients that came to the hospital having high blood pressure had the ability to preserve a higher pulse for every increase in blood pressure. This in turn could have been a possible mechanism that helped favor the HBP HF -group, an intact autonomic nervous system that assisted the propagation of blood flow to the organs of the body. Opposite, those patients that presented to the hospital with normal or low blood pressure had lost the ability to increase pulse and blood pressure in tandem. Especially for those in the NBP HF -group that died after 6 months there was seen an increase in pulse for every lowering of the blood pressure, a counter measure against a diminished cardiac output, but unfortunately too late.
Also, Hemoglobin count correlated positively with diastolic blood pressure in the HBP HF -group but not in the NBP HFgroup. On the other hand, rather the Hemoglobin count was negatively correlated with diastolic blood pressure in the NBP HF -group, even though this correlation was not significant. One could propose that heart failure patients that came to the hospital having high blood pressure had the ability to retain a higher hemoglobin count for every increase in blood pressure. This, together with the higher pulse, could be a possible mechanism that helps favor the HBP HF -group, delivering more oxygen to vital organs. Opposite, those patients that presented to the hospital with normal or low blood pressure had lost the ability to retain hemoglobin and blood pressure in tandem. Instead in the NBP HF -group there was seen an increase in hemoglobin count for every lowering of blood pressure, a counter measure against a diminished cardiac output, but probably too late.
A very important distinction to be made in our study is whether the very elderly that came to the hospital had an acute increase in blood pressure because of an aggravating condition or they had a habitual high blood pressure, i.e. hypertension, very similar to the blood pressure they presented with? In the same manner, the same question could be asked the other way around concerning the very elderly with normal blood pressure. This question could partly be answered by checking if the patients in our study had known hypertension from before. Unfortunately, the anamnestic information from the medical records was not complete in this regard. What we do know is that there were more patients in the high blood pressure group that received antihypertensive medication, 45/144, than in the normal blood pressure group, 37/195 (p = 0.01). This was also true when examining the heart failure cohort (p = 0.03). There was no difference in the number of patients between the two groups with the diagnosis of hypertension at discharge (p = 0.60).
The use of medication at admission can be linked to occurrence of sickness while the use of medication at discharge affects the prognosis during the follow-up time of the study [18] . Erne et al [34] tried to answer this question in patients admitted to the hospital with acute coronary syndrome. They found that patients with preexisting hypertension hade more favorable in-hospital mortality than patients without previously diagnosed hypertension. Independent predictors of better outcome was among others a lower admission systemic blood pressure. On the other hand, preexisting hypertension was not an independent predictor of 1-year mortality in these patients. Along the same lines, Lee et al [35] also found that low systolic blood pressure on presentation was independently associated with in-hospital mortality in non-ST-segment elevation acute coronary syndrome, but on the contrary prior hypertension was not. They also found that patients with prior hypertension were more likely to be on antihypertensive medication before admission.
Strengths: Our study has several strengths. Firstly, we are to the best of our knowledge, the first to do additional investigations, correlations, into the mechanism explaining why heart failure patients with high admission blood pressure have lower mortality. Secondly, since our study included diastolic as well as systolic blood pressure, correlative analyses of the data showed that the diastolic blood pressure, rather than the systolic blood pressure would be worth looking into ahead when studying this association. Thirdly, we performed an open, retrospective study to convey real sickness and comorbidities in current time. Fourthly, there is still a need to study the very elderly, a growing group worldwide, because of the lack of number of studies in this age group relative to other age groups, and the uncertainty of how to treat their blood pressure. Fifthly, this study has shed further light onto the matter by showing that very elderly patients from the general population that presented with high blood pressure when enrolling into the hospital had a significantly lower mortality than very elderly with normal blood pressure. Furthermore, this study also reconfirmed the results of previous studies on the association between admission blood pressure and heart failure.
Weaknesses: Our study has several weaknesses. Firstly, the study cohort of 339 patients that we examined had been referred from the emergency room to the relevant ward for treatment. The cohort was representative of the very elderly that were admitted to the hospital but with one important selection bias. Only the very elderly that performed an orthostatic blood pressure test were part of this cohort. That means that patients that for any reason could not or would not be a part of this testing were excluded from our research. As a consequence, we might have lost data from the very sickest elderly patients, for example those that were too sick to stand up. Secondly, we did not attempt to adjust for any confounders, but did perform a relevant subgroup analysis. Thirdly, our results do not allow us to make the conclusion that high systolic admission blood pressure in the very elderly is a protective factor.
Summary
We found that very elderly patients that presented with high blood pressure when enrolling into the hospital had significantly lower 6-month mortality than very elderly with normal blood pressure. When studying a cohort of patients that had heart failure in common, very elderly heart failure patients admitted with high blood pressure still had lower mortality than their counterparts.
